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τ = τ (u, ρ, ...).
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(∇u + ∇uT ). 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+ (u · ∇) u
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u(t,x) = (γ̇(t)y, 0, 0),
IuNb^N
x = (x, y, z)
mj_rt
γ̇
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N1(t) = τ x,x(t) − τ y,y(t),
N2(t) = τ y,y(t) − τ z,z(t),
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γ̇(t) = γ0 cos(ωt)
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γ(t0, t) = γ̇(t)
γ(t0, t0) = 0
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F t(s,x) = ∇(χt(s))(x)
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(θ1, ϕ1, ..., θN−1, ϕN−1)
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B(θN−1, ϕN−1)ψ(θN−1, ϕN−1) dθN−1 dϕN−1
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ψ(θN−1, ϕN−1) dθN−1 dϕN−1,
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dA = −kT d ln P (r),
=
3kT
(N − 1)a2 r · dr.





dA = F (r) · dr. 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F (r) =
3kT
(N − 1)a2 r.
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+ u(t,x) · ∇xψ(t,x, r)
= − t[c r
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(r ⊗ F (r))ψ(t,x, r) dr, 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+ (u · ∇) u
)
− η∆u + ∇p− t[c τ p = ρf ,
t[c
u = 0,
τ p(t,x) = np
∫





+ u(t,x) · ∇xψ(t,x, r)
= − t[c r
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+ (u · ∇) u
)












+ u(t,x) · ∇xψ(t,x, r)
= − t[c r
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= E(X2) − (E(X))2 <∞.
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(t, x) − b(x)∂u
∂x
(t, x) = 0




u(t, x) = u0(X(t; 0, x))














s ∈ [0, t] [N(IumÏFN ¦IuNb^N X(s) = X(s; 0, x) 
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∂s
(u(t− s,X(s))) = −∂u
∂t








(t− s,X(s)) + b(X(s))∂u
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p(t, x) = 0.
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E ((V t − E(V t)) ⊗ (V t − E(V t)))



























E(V t) = E(V 0) = 0,
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u(t,Xit) ' u(t,Rt) + ∇u(t,Rt)(X it − Rt)
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W 2t = 0
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dXt = ∇u(t,Rt)Xt dt−
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ζ





dRt = u(t,Rt) dt.
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dXt(x) + u(t,x).∇Xt(x) dt = ∇u(t,x)X t(x) dt−
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τ p(t) = np
(
E(Xt ⊗ F (Xt)) − kT
3]t )
,
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Xt(x) ⊗ Xt(x)
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− u(t,x).∇ (Xt(x) ⊗ Xt(x))
+∇u(t,x)(Xt(x) ⊗ Xt(x)) + (Xt(x) ⊗ Xt(x))(∇u(t,x))T
−2
ζ
F (Xt) ⊗ Xt −
2
ζ









((Xt(x) ⊗ dW t) + (dW t ⊗ Xt(x))) .
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(t,x) + u(t,x).∇A(t,x) −∇u(t,x)A(t,x) − A(t,x)(∇u(t,x))T
= −4
ζ
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Π(X) = π(‖X‖) 4HJIY`uZG
F (X) = π′(‖X‖) X‖X‖ .
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E(X ⊗ F (X)) =
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(t,x) + u(t,x).∇τ p(t,x) −∇u(t,x)τ p(t,x) − τ p(t,x)(∇u(t,x))T
)
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ηp = npkTλ,









+ u · ∇τ p −∇uτ p − τ p(∇u)T
)
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τ p = np
(
HE (Xt ⊗ Xt)
























































(t,x) + u(t,x).∇τ p(t,x) −∇u(t,x)τ p(t,x) − τ p(t,x)(∇u(t,x))T
)
+Z(tr(τ p))τ p −
ζ
4H
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(t,x) + u(t,x) · ∇u(t,x)
)
− η∆u(t,x) + ∇p(t,x)
= div (τ p(t,x)) + ρf(t,x),
div (u(t,x)) = 0,
τ p(t,x) = np
(
E(Xt(x) ⊗ F (Xt(x))) − kT
3]t )
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Re ≤ 10 
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+ u · ∇u
)
− (1 − ε)∆u + ∇p = div τ p + f ,





E(Xt ⊗ F (Xt)) −
3]t )
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(u, p, τ p)
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div X(∇uXψ(t,x,X))
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Microscopic models (kinetic theory)
Macroscopic simulations
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+ (u · ∇) u
)
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u = ux(t, y) ex.
 N(_Lh t[N_uhj\dN>H
u = u(t, y) ex.
=|[Èz'
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u(0, y) = 0,
u(t, 0) = V,























+ (u · ∇) u
)
− (1 − ε)∆u + ∇p− t[c τ p = 0,
t[c
u = 0,









(t, x, y, r) + u(t, x, y) · ∇x,yψ(t, x, y, r)
= − t[c r
((
















u(0, x, y) = 0,
u(t, x, y = 0) = V ex, ∀t > 0,























P Qψ(t, y, P,Q) dP dQ,
∂ψ
∂t








































































































u : [0, T ] −→ H11 (0, L)
Zs`ul,I\dIrm\
∀v ∈ H10 (0, L), Re
d
dt

















u(0, y) = 0, =|[Û{#
IuNb^NN-IumÏFN-t[NG_Lhj\^NGt
H10 (0, L) =
{
v ∈ H1(0, L), v(0) = 0, v(L) = 0
}
mF_ut
H11 (0, L) =
{












y = iN ,
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0 ≤ i ≤ N 


























































j = 1, ...N − 1 mj_ut¦hFb n ≥ 0Zd`ul,I\^Ium\
(uh)0j ≡ 0

















































































B = −(1 − ε)V
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χi,j(P,Q) = Hi(P )Hj(Q),
D|[ÈzFz'
IuNb^N
H0(P ) = 1, H1(P ) = P, H2(P ) =
1√
2















\^c; m\^cho_ hF ∫ ϕn+1−ϕn
∆t θ ψ∞c_ 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Var(PQ− P̃ Q̃)  Var(PQ) 
HJILN-\]hON
Y\db^NMON(Zdc´\^`um\^cho_uZmjb^N
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((Pn+1i,k − P̃n+1i,k )Qn+1k ),
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Wnk (1 ≤ k ≤
K)
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(t, y)Q(t, y) − 1
2We
P (t, y)







dQ(t, y) = − 1
2We
Q(t, y)
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XY p(t, y,X, Y )dXdY ,
∂p
∂t

















































u=zeros(I+1,1); % Initial velocity
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En = Re
∫ 1
0 |un|2(y) dy+ Weε
∫ 1
0 |τn|2(y) dy
  /  $'A" !  !
En+1 ≤ En

  ! "A"  !  " !"	&!" '
! "/ 1 $ !  "' 	  "% "        1 $  '   	 	 "  !$ + '   $&$ ! 	& "'
! " / 1 $ !  "
' 	  "% "          " ' 	  "!"         "'-/         	 ' !  ' 	  	 $ 	 ! 	$ $&$ +   "',/  	&$# #	 !"	$# $&$ + 
'
!  %$ " 
¹NhcfZ\dIuNSnm\^mFZdhF`Lb,l
N    

 		





























u=zeros(I+1,1); % Initial velocity
Y=zeros(J,1);X=zeros(J,I);
X_var_controle=zeros(J,1); % Control variate
Y=randn(size(Y));
% Initial condition not depending on the space variable
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clear all;
%%%% This file contains some integrals of Hermite polynomials
run Ortho_HD_normalise_20
%%%% Physical parameters
d=2; % dimension of the ambiant space
n=1; % number of springs
% Warning: Only d=2 and n=1 are implemented here




I_esp=100; % number of spacesteps
dx=1/I_esp;mesh=0:dx:1;
% Time
N=100; % number of timesteps
dt=T/N; % timstep
l_max=2; % Maximal degree of Hermite polynomials
% Discretisation for q: FULL TENSOR PRODUCT
dim=(l_max+1)*(l_max+1);
disp('Dimension of the Galerkin basis for Fokker Planck:');disp(dim);
% To get the tensorial index as a function of the absolute index
% 0 \leq nu(1) \leq l_max
get_nu=@(i) [ floor((i−1)/(l_max+1)), i−1−floor((i−1)/(l_max+1))*(l_max+1)];
% To get the absolute index as a function of the tensorial index








% Here, D=2 Id
%%%% Operators
disp('Computing matrices...');




% \int_X (1/dt q^{n+1}) r \omega
% since int_P_P= Id, this is only Id
M=eye(dim,dim);
% G = Nabla_u : \int_X ( \nabla_X r \otimes X ) q \omega
% G depends on the timestep
% G=nabla_u*G_de_base where nabla_u is the off−diagonal component
¿¦É.½£¿âæ
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% of the matrix \nabla u
for i=1:dim % r_i
for j=1:dim % q_j






% A = D : \int_X ( \nabla_X q \otimes \nabla_X r) \omega
% Here, D=2 Id
% D(1,1) * \int \partial_{X_1}P_{i}(x) \partial_{X_1}P_{j}(x) \omega
for i=1:dim % r_i







% D(2,2) * \int \partial_{X_2}P_{i}(x) \partial_{X_2}P_{j}(x) \omega
for i=1:dim % r_i







% Computation of \int X_1 X_2 P_{i}(x) \omega
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u=zeros(I_esp+1,1); % velocity is zero
q=zeros(dim,I_esp);

























% computation of tau
for l=1:I_esp % iteration on the cells
nabla_u=(u(l+1)−u(l))/dx;
nabla_u_old=(u_old(l+1)−u_old(l))/dx;







% Computation of tau(l)
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u · ∇τ p
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+ u · ∇u
)
− (1 − ε)∆u + ∇p = div τ p + f ,





+ u · ∇τ p −∇uτ p − τ p(∇u)T
)
+ τ p = ε(∇u + ∇uT ).
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= div τ p −∇p+ f ,
































∀ζ, η ∈ R3
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Ck([0, T ′], H4−k(D), τ p ∈
3⋂
k=0
Ck([0, T ′], H3−k(D).

















NbdN;Zs`L\TNmFbdN9mÏmFbdN(hF4cZR\dIuNhFb^¶hF4g¢ © 4 £chF_uZmj_rt






hF£Mm\dIuNMm\^clGmju_rm\d`ubdNThj§\dIuNRNGeB`umj\dchF_uZ â\^b^mF_uZsc\dchF_¦bdhoM qumFb^mFrhocflJ\^hIYXYqrNGbdxhFcl  Nb^N
¦Nb
\^hS+upNG_umjb,t[X  8>  upx¸TNG_uZJmj_ut"H-Lg¤ILccquZ  ;   mF_utbdN¦Nb^N_ulNGZ\dILNGbdNGc_































































































−η∆u + ∇p− div τ p = f ,
div u = 0,
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+ u · ∇u
)
− (1 − ε)∆u + ∇p = div τ p + f ,




(E(Xt ⊗ F (Xt)) −
3]t
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(t,x) + u(t,x) · ∇u(t,x)
)
− (1 − ε)∆u(t,x) + ∇p(t,x)
= div (τ p(t,x)),
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(E(Xt ⊗ F (Xt)) −
3]t
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0,y) ∩ L2t (H2y )
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(X ⊗∇Π(X)) : ∇u(t,x)ψ(t,x,X).
























H(t) ≥ 0 =Zsc_ulN x ln(x) ≥ x−1 






















(X ⊗∇Π(X)) : ∇u(t,x)ψ(t,x,X).
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u0 ∈ H2y
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fext ∈ L1t (H1y )
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n+1 = max(−A,min(A, Y kn+1))
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dRt + u · ∇Rt dt
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V (R) = − 1
L4
E(Rt ⊗ Rt) : R ⊗ R.
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3]t − ut ⊗ ut)∇V (ut))
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σ p(t, y, σ) dσ.
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2 γ̇ : γ̇
c\dI





















































ILcfl,I lGmj_ rNnlGmjcLb,m\^NGt `uZsc_L0N
[qxNb^cMONG_o\,Z ÀZdNN
p *9x¸TN_rZmF_ut  uLrmj_L  GBzY 2   
3³_"l





c_ {Y 7 ¤cZb^NqLfmFlNGtOYXmlhF_YFN;l\^coNTt[NGbdcm\dcFN ∂





























ZdcM9qucuNGtÀZdNN-p( *9r¸TNG_uZmF_ut  r[umF_L  GBzY 2   ¸T_uXO\^ILcZMmFlbdhF©DMmol
b^h(FNb,Zdcho_IumFZxNNG_
`rZsN;tkZshÀmFbRc_nZscM`umj\dchF_uZ*¦hFbTlhFMOqumFbdcfZsho_uZJc\dInNYqxNb^cM9NG_B\^mj.tLm\,mFZ%ÀZdNNmFomjc_kp( *9§¸TN_uZ
mF_ut  uurmj_L  GBzB 2   
   ¢	
   S+ g.ª}*N_7mF_ut 5  rrHJct[N;ZsNXo   $ /  ! "  ' 	& $ #!"	$# $ 1 $ 	 % 	  '¸RY¦hob^tkW[lcNG_ul
Ng¤`L[©
cflmj\dchF_uZGFG>7B{[






u`uctLZG   $#   "  ! $	  $  	   " 	   %  =H<;|  %{yu;zjoFyu









bdNGqLb^NGZdN_B\^mj\dchF_uZG   $#   "  ! $	  $  	   " 	   # 2>2 H 87  ;z=FBzFFY{Y
 2  ¨T£}*_Lao¢W§£¹fmFl,IuKb^NF 5.¨IumjÀm^§g..Lho`LFKGbdN;ZF3#*NG_B\dc=.£S7mjbdcN`£@¨T£phFxNbd\dhrmj_rt
*9rW[l,ILNºxNGbG    $ " ' 	  $ 	 ! ' "  $ $ $ "A $ $
	 !   	  "'W[SnrzFFFu#3³_kubdNG_ul,I£




  $   
!  ( 	   %   ªzjy=H 2  %;FLYzjo=F
 y   g¢ H-B¹JmFmFc i]NG_uZGrSkc[NGt9u_Lc\dNRNNMON_B\¤MON
\^ILh[tLZ@¦hob4YcZ^l
hYNGmoZ]\^cluhmj_rmjXYZdcfZ HmbdNGBcN(
  $   " ! $# 	#  $  	   " 	   ª{j=H  y1   7o|L=Go87L
 {   u  ¹JmFbdb^N
\d\G4¨T¢W[l,IYJmj£¢mj_rt0·*¢W[`LcDk·@[cfZ]\^N_ulNhjohoumj4NGmF¶ ZdhF`[\dchF_rZ(¦hFb9ZshoMON
qrhoXYMONb^cfl4uh M9h[t[NGZG!   $ "%$('    " !  $  '	  
 /./ $ 	 "# 	 	 "  	#"',1;| =y H    [87  
zjoo|[
 7   u  ¢¹mFbdb^N
\d\9mF_ut+·*4WY`LcD ·@[cfZ]\^N_ulNhFRFhFumF¤NGmF¶ ZdhF`[\dchF_rZ\^h7¶Yc_uN
\dcflMOh[t[NGZ¦hFb
t[c`[\^N(qrhoXYMONb,ZG  $ ! 	 ' 	 $ " $ "$  	& $  uy=z'H |FFy [| 2 yLYzjFY{Y
   S+r¹NG_"}RmÏXBmOmj_ut"¹  ohF`Lb,tLmjc_£4g¤bdhoumjLccZs\dcfl(mjqLqubdhÏ[cMOmj\dchF_hj@mO_LhF_uc_LNGmFbqumjb,mjxhFcfl
NGeB`umj\dchF_hYlGl
`Lb^c_Lc_"bdIuNhFhFoXF  $ 
  $ $1 
 /./ $ 	 "#  &$  	&$ 	 !,+ªzFFB{[.HhmjqLqxNGmFbG
 ;  5Ø¹Nb^_umFb^t[c_£ 3³_B\db^hYtL`ul\^cho_  fmb^ILaGhFhFFcNVt[N;Z u`Lcft[NGZ H mFqLqLb^hYl,IuNVMmFlbdhF©
ZdlhFqLcfeB`LNF zjF   ·¤lhFNVt[N qLbdc_B\dNGM9qrZ *9 5 pS7m\daGbdcfmj`L!Yc\db^N`[§ tLcZdqrho_LcLN
 

			    	     	




	 '   "$	A "
 >  p( ¹T;¹cb,t§p(Û¨TG}*b^MZ]\^bdho_LuÏmj_rt¸GµRmoZdZ^mjoNb;( +  	 	 '$1(/ $ $ + " 
	 	 $ 	 % 	  'johF`LMONF
 cNX 3³_B\dNb,Z^l
cN_ulNF G>7B{Y
 Ïz  p( ¹T£¹cb^t£¢¨T ¢¨`Lbs\^cZ^ZGp(Û¨T£}*b^MOZs\db^hF_uumF_ut0¸£µTmFZ^ZdmFFNGbG ( +  	 	 ' $1 / $$ + " 
	 	
$ 	 % 	  'uohF`LMON(zL  cNX 3³_o\^Nb,ZdlcNG_ul
NoFG>7B{Y
   p( ¹T¹cb,t§¤g¢  u	5Thj\,Zsho_£Jmj_ut P 4  ohFIu_uZsho_£g¢hFXBMONGbOZdhF`[\^cho_ b^ILNGhFhFFX0umoZsN;t ho_ m
u_Lc\dNGX0N
Y\^N_uZdcuNxNGmotY©³ZsqLb^c_Lnl,Iumjc_+MOh[t[ND   $   " ! $# 	#  $  	   " 	   { HÈz)  
z  |[ G>7FL.·4b^b^mj\^m1H   $#   "  ! $	  $  	   " 	    7=H<G   G871

  2  }¹hF_Lc\dhrRg4IT¨aGM9NG_B\G-mj_ut S+g4cflmFZ^Zdhu¥.c_Lc\dN0NGNGM9NG_B\"mF_umjX[ZscfZhFm ZscMOqLcuN;t
Z]\^h[l,IumFZs\dcflµRhYhF¶FN;mj_t[`LMLrNGfZOMOh[t[NRmFbdcfZdc_L ¦b^hFMYcfZdlhBNGmoZ]\^cluh*ZG  
  #!  
$ "$   !"   
  $   2   2  HÛ{'7B| )7= 2 ozjoFyu
 Ï|  }F¹ho_Lc´\^hujg¤I£B¨aMON_B\Gomj_ut9S+jg4cflmoZdZdhuLS7m\dIuNMm\^clGmjLmj_rmjXYZdcfZhFªm-Zs\dh[l,IumoZ]\^clZscMOqLc´©
uNGtµ*hYhF¶oNGmF_t[`LMLrNGfZJMOh[t[N£mFbdcfZsc_L(¦b^hFM¥YcfZdlhYNfmFZs\dcfluh(  % A$$  %   Ly   H  7= 
 >7LLzjoFyL
 ;y   ur¹ho_YBc_"mj_utS+Lg4cflmoZdZdhu  4mFbdcfmj_rl
NbdN;t[`ul\^cho_"M9N\dILh[tLZ¦hFbT¨¸PRPT¢·WLW 3]H© c¶FNZdcM9©
`Lfm\dchF_rZ   $#   " ! $ 	#  $  	   " 	   %7 2 H<G1 Lz);|L=GoFu
 {   u¹hF_YYc_£S+Tg¤clGmFZ^Zshrmj_utvpWB\^Nb^_BxNb^u * .W«mj_ut ·  WLWvM9N\dILh[tLZn¦hFb m\dILb^NN
uNftLZTZ]\^hF¶FN;ZJqLb^hFLNM mjb^cZdc_L9¦bdhoM YcZ^l
hYNGmoZ]\^cluh*ZG   $ 0/   " !   
 / / $   " 	   %    
Go   7F  ©  = 2 
FzjF1F
 7   uÛ¨T¹hF_YYc_   " 
	 	 $'
	& $ #!"	$# $1 A 	 ' 	 $ "$ '
!"	 	   	  '  	 !   "' $ ' 	 $/ 	 	  $ 
"$ ', g¤I15\^ILNGZdcfZ·l
hFN¡g¢hFXB\dN;l,IL_Lcfeo`uN .aGt[aGb^mFN¡t[NmF`uZdmF_L_LNozjFoL }mjcfmjLN m\
    




 ;  S+¤¹b,mFmFl,¶+mF_ut}4·4b^_£} qxhoZs\dNGbdchFb^cl
ho_o\^bdhohjM9h[t[NGc_L+NGbdb^hFb,ZmF_utt[cfZdlbdN\dc<;Gm\^cho_
Nb^bdhob^ZG	 $ ! 	 ' 	 $ " $ "$  	& $   =z  HÈzFz) [z  7LBzjF  
 zF  µ ©  rL¹`L_LBmjbd\:;(mj_utS+E*b^cNxND¤WYqumjb,ZdNTobdcftLZG 
 	 !    "      H< 2 { [zFyFLBzjF 2 
 z=  ·*¨mF_ul
K;Z 3¨m\d\dhuJmj_rt 9 *-m\^c= Snmj\dILNGMm\dcflmF*mj_umFX[ZdcZ9hF-m _Lho_Lc_LN;mjbOqumjb,mjxhFcfl
NGeB`umj\dchF_mFbdcfZsc_L c_\dILN MOhYtLNc_L hj_Lho_[©D_uNJ\dho_Lcfmj_Øuh*ZG   
    !   
   $  
 {)H yo  7Bz[YzjFB|[
 zoz  ·*¨mj_rl







     $ !"	 ' 	 $ " $ "%$ 	      	& $ #!"	$#u
2 H<G 2   GB| 7LBzjFB|[
 z  ·*R¨mj_ulKGZmj_ut ¨T £N ¹bdcfZ ¨hF_YFNGbdoN_ulN\^h N;eo`uccubdc`LMhjm M`L\dcfZdlGmjNnMOh[t[NT¦hFb
Zs`rZsqxN_uZdchF_uZG,(   (  "*Ly=H 282   2 {LYzjoFyL





   	 	    $ 0/  !  xz  =y H z=;z  [z= 2 uozjoozL
¿¦É.½£¿âæ
  	   1
 zo|  ¨Tu¨Iumj`LYcKb^NTmF_ut} £h8;Gc_rZs¶YcDWYcM`Lfm\^cho_hj.t[c`[\^NqxhFXYMONbZsho`L\dchF_uZ`uZdc_LOm9LhF¶Y¶oNbd©
g4fmj_ul,¶N;eB`um\^cho_£   $ 0/  ! " #'    	  ' > =|© y H y87Y{ YyoFyuozjo 2 
 zFy  §¨hoM9N\^Zmj_ut7H-ªSnNXYbdNo   $ 	$'
! $ 	   '
! 	  "" !  $ $ " '!"#	   '
	$u 5T`L_Lh[t§zjoFyu
3³_kLb^N_ul,I£
 zB{  g¢B¨hF_uZs\^mF_B\dc_£uP*ho_Lc_LN;mjb4.hF¶Y¶oNbd©Dg4fmj_rl,¶-PTmÏYcNGbs©]WB\dho¶FN;ZZdX[Z]\^NMZ   $       #!    	 	  
  2  HÈ|   L| 282 BzFFo|L





     	         	
 u
 zF  g¢J¨hF_rZ]\,mj_B\dc_£ 3  -NYb^N¶YctLcZGmF_ut ·* W§HJc\dcD}RZdXYM9qL\dhj\^clkZs\^mj\dN;Zhj(m+WYMOhF`ul,ILh*Zd¶Bc
NGeB`umj\dchF_£ 
 	  	 A"   ! 	$ $  " 	  
  $ + '
	 ' Ï{ 2    H  yB|   7 2 ozjo 2 
    g¢@¨ho_uZ]\,mj_B\dc_£ 3  -NYbdNG¶Yct[cfZG.mF_ut+·*ÈWª¢HJc´\^c= pNMmjb^¶[Zho_¡m7WYMOhF`ul,ILh*Zd¶Yc¤NGeB`umj\dchF_£
( 	 ' 	      $!  ( +   + ' !   >    H<G1 %>;zLozjo 2 
    g¢ ¨hF_uZs\^mF_o\^c_ mj_rt P S7mFZdM9ho`ut[cD *hFumF N qxhoZdNGt[_LN;ZdZ ¦hobm WYMOhF`[©
l,ILh*Zd¶Bc NGeB`um\^cho_ l
ho`LqLNGt c\dI PTmÏBcNbd©]WB\dho¶FNGZ N;eB`um\^cho_uZ c_ zjt§ HNGl,I[©
_Lcflmj bdNGqrhobs\; P*NG 4hobd¶ Q*_LcFNGb^Zdc´\]Xo zjoB{Y g4b^Nqubdc_B\ mÏÏmFcfmjuN m\
  			 	 	 	  	   	           
  [
  z  g¢=5RNGFhF_rt§[S+£NMOho`£[mj_utS+Yg4clGmFZ^Zshr  TcZ^l
hYNfmFZs\dcflr`LctMOh[t[NfZJt[Nb^coNGtO¦b^hFM¥¶Yc_LN
\^cl
NGeB`umj\dchF_uZ¦hobqrhoXYMONb,Z   
    
 / / $  #!   ryoz =|  H<;|j1  ;|);LFzFFozL
 > g¢	5RNGmF`L_umÏXo} £h8;Gc_rZs¶YcDmj_rt p( *9¸TN_uZGØWYqumjb,ZdN\^N_uZdhFbd© qLbdh[t[`rl\ho¶Y¶FNbd© g4mF_ul,¶B©
umFZdNGt MON
\dIuhYtuZ9¦hFb_Lho_Lc_LN;mjbOrN;mFtY©³ZdqLbdc_L0l,Iumjc_ MOh[t[NGZOhFt[c`L\dN"qrhoXYMONbZdhF`[\^cho_uZ
       $ 	 "#"#	  '#   " 	 !   "!$! "'  $$ !"  xzFFY{Y
  2  15RNGYbdNG`[§  #!"	  " " !   ' $  "  / $ $ +   "' 
 "$ '  A " 
 "',J¨hF`Lb,Zt[N( ·¤lhFN(g¢hFXo\^NGl,I[©
_Lcfeo`uNFrzFFFu 3³_kLb^N_rl,I£
  |  S+ 5ThFcD  !" $  	 ! 	$ ! $  $$ +!"    + '
	 	' 3³_o\^Nb^_um\^cho_umjWYNb^cN;ZhjSkho_LhFob^mFqLIuZOho_
g4IYX[ZscflZGr¸RY¦hFb,tQR_LcoNb,Zsc\]Xg4b^NGZ^ZF;FoyL
  y  S+15ThFcmF_utkWª u·¤t[Jmjb,tLZ%  "   "&$# + $1  $$ +!"  ( +  	 	 ' 3³_B\^Nb^_um\^cho_umjWYNGbdcNGZJhF
SkhF_uhFFb,mjquIuZ¤ho_"g4IYXYZdcflZGr¸RB¦hob^tQ*_LcFNGb^Zdc\]Xg4b^NGZ^ZF;8787u
  {   %5T`£¨T £c`££mj_rtkg¢ 4`-.·¤PR· tL`LMLxN¢MOhYtLN@mj_utnc´\,ZZdNoNb,mj£c_LNGmFbmF_utk_Lho_Lc_[©
NGmFbl
hoZd`Lb^NmjqLqLb^hÏ[cMmj\dchF_uZG   
   $  
 $ $ $ !"	 ' 	 $ "  $ "%$ 	      	& $ #!"	$#u
2    HÛ{o u{  oBzFFo|L




 	 !   #!  " ! 	 	 " 
 /./ $	 	&#!  " 	  	 	  %   $ 	 '  " 
	 " 'E/7  2 H |ozj L|  yL
zjooz[
Bz   "
	 '   "$	A "
     §·*£H-£cDmj_rtng¢    ªIumj_Lr  NG© qrhBZsN;t[_LNGZ^ZT¦hFb\dIuNOtL`LMLxN@MOh[t[N¢hjqrhoXYMONb^cfl
u`LcftLZG   $      #!    + '  ªz 2 71H 2 F  2 zB{YozFF 2 
 2   }ª·4b^_ mF_ut7H-NcKGBb^NF(}tLmFq[\dcFN9MOh[t[NfZT¦hFbqrhoXYMONb^clu`Lcftkrh ZscM`umj\dchF_£     

 	     	 	  #
	 '   "      282 D{#H 2 {   2 {jyLozFFY{Y
 2    uªumF_LmF_utnp( *9¸TNG_uZGTP*`uM9NGbdcflmF.ZdcM`Lfm\^cho_uZRhF4qL`LfZdmj\dcN9LhYhYtkuh«`uZdc_Lm_LNG
l
ho_uZ]\^c´\^`[\dcFN-MOh[t[ND  	$ " $ $ $&.+ 2  H y  { u{F{jLozFFFyu
 2 z  p(ªum\d\^mF.mF_utkp(  -`Lq[¦Nb^Mmj_£-¨hF_uZs\dc\d`[\^coNfmÏ*Z¦hFbR\dILNMm\db^cB© hFomFbdc\dIuM hj@\^ILNlhF_[©
¦hFb^Mm\dchF_\dNG_uZdhFb;   $#   "  ! $	  $  	   " 	   #;z  HÈz 7= [z87o|[BzjF 2 
 2  p([umj\s\^mF§mj_utp(  -`Lq[¦Nb^Mmj_£.HJcMON© t[NGqrNG_ut[NG_o\ZdcM`Lmj\dchF_hFYcZ^l
hYNGmoZ]\^cl*uh*Zmj\IucoI
 NcfZdZdN_YxNb^7_Y`LMrNGb`uZdc_L7\^ILNhoj©³l
hF_L¦hFb^MOmj\dchF_+b^NqLb^NGZdN_B\,m\dchF_   %$   " ! $# 	
 $  	   " 	   #Ïzjy1H z    {YozFFB|[
 2>2  ·*jLNGbd_ j_ut[N/;
©s¨mjb,mLÏ8*`Lca_£Bmj_utp( po¸Tbs\^Nomu %  $ $$ 1  !" 
	 	  $   $ + '
	 '  $$ 
  $$  ! 	$ $1 " % ! 	$ '	 
R
n   
!     " 	   	 % "'%$1 ' 	 	 " !"	 	 	 	 $ 0/  !"	     #
!   
 !" 
	 	  $ !" !  $  ' $ 1   	  '   
!&  Yl,IumjqL\dNb4S7m\dIuNMm\^clGmj[MOh[t[Nc_umj_ut9mj_umFX[ZdcZ¢hF
YcZ^l
hYNfmFZs\dcfl-u`uctLZhF4\dILN¸Tft[bdhX[t"¶Yc_ut§§qumFFNGZ-| 2  [yFy=o*}*MZs\dNb,tLmFMCHTP*hFbd\dI µ*hofmj_ut  
·4fZsNGBcNb;uzjoozL
 2 |  *9.uhFb^NGZs\G    mF_Lu@mj_rt¡p( xILhF` HJILNrhJ©DqLIrmFZdNt[cfmjFb,mjM hj 5ThFc© µRNGZ^Z(\^ILNhobdX ¦hFb
ZsIuNGmjb^NGt_LNMmj\dcfl-qrhoXYMONb,Z3 3 H[r_Lc´\^NZsIuNGmjbJb,m\^NGZG   "&$ $  
 	 !  2>2   H 7F Y  BzFF 2 
 2 y  S+FuhFbd\dc_9mF_ut}FLhobs\^c_u}_LN mjqLqubdhBmFl,I¦hob.\dILN*.·¤S ZdcM`Lmj\dchF_9hjªYcZ^l
hYNfmFZs\dcfl¤uh*Z
  $   " ! $# 	#  $  	   " 	     z)HÈzjB|   Gu=G>7FL
 2 {  5§ubdNG_L¶FNGmj_rtn¹§W[M9c\G 	  " #'
! # 	    $$ " 	%$ ! +  	 	 '  1  $  $ $
	 !   ' ! $ / 
/ $ 	 	 #!"	$# '¤}lmot[NMOcflg4bdN;ZdZG £ho_ut[ho_£uzjooz[
 2 7  µ1*-mFhOmF_utg¢  -Nc_£@P*`uM9NGbdcflmF§ZscM`Lfm\^cho_hF.lb^mol,¶9obdhJ\^Ic_mF_cfZdhj\db^hFquclZshocftc\dI
b^mF_ut[hoM9c<;N;tc_B\dNb^_umF£l
hFIuNGZdcoNxhF_rtLZ    " 	    + '   $$ 	 ' 2 y=z  H</7B{ [z=/7L1GF>7L
 2    *-mj\dcD $  %$ 	 ' ! 	$ #!   ! 	 % "" ! '
	& $ ! 	$ '    
	  "'"   	  " '  $#  " 
! $# 	 "  '«g4I15 \^ILNGZdcZG·¤lhFN PRmj\dchF_umFNntLNGZg.ho_B\^ZN\"¨IumF`uZdZdaN;ZRzFF 2  }mjcfmjLN7m\
    
    
 	         O=3³_"Lb^N_ul,I£
 |F   u ©³ *Nb^rN;mj`£BS+  Tct[b,mFZ^l
`Fmj_utOg¢BLb^NXFª.`uctY©³Zs\db^`ul\^`LbdNc_B\dNGb^mol\dchF_9c_LhYh[t9uh*Z¢ho_
FNGhFMON
\^bdcNGZ4lhFMOc_L(¦b^hFM MONGt[cflmFucMOmFFc_Lu   $ 0/  ! " #'   !   	 !  "87  =z   HÏ|F| %GyB|[
zjoo|[
 |=  µ)*cN;ZsNG¶Y`uZ£} ZdcMOqLNTlhF_uZs\dc\d`[\^coN*NGeB`umj\dchF_¦hob¤qxhFXYM9NGbdcflr`LctuZ¤umoZsN;tOhF_\^ILNTlhF_ulNq[\
hjtLN
¦hFb^Mm\^cho_[© tLNqxN_ut[NG_B\T\^N_uZdhFb^cmFMOhoLcc\]XF   $   " ! $# 	#  $  	   " 	    88H yF 
GoL G>7oz[
 |oz  p( *`LaG_LN
\d\dNmj_ut S+£Lhobs\^c_} _LN M9c[NGt7u_Lc\dNONNMONG_o\-MON
\^ILh[tn¦hob-lhFMOqL`[\^c_uYcfZ]©
l
hYNfmFZs\dcflTuh*ZG   $#   "  ! $	  $  	   " 	   xyF1H zB{ [|oz[%GoFL
¿¦É.½£¿âæ
  	    
 |  ¨T%*`Lchoqra9mj_ut  rÈ¨TxW[mj`[\;·@[cZs\dNG_ul
NbdN;Zs`L\^Z*¦hFb\^ILNrh hF¢YcfZdlhYNfmFZs\dcflu`LcftLZRc\dInm
t[cºxNGbdNG_o\^cmF[l
hF_rZ]\^c´\^`[\dcFNJfmÏ( $ $ 	  " # 
  $ + ' 	 '    "&$# + " !  $'  
 /./ $  EÏ| À H 7 2  
7FyoL GoFL




     !    $ "%$    

   $  rz 2    H  yF  2 =F1GFoL
 |o|  ·*¤µTmjcbdNGbGWª g.P*hob^ZdN
\d\GJmj_ut *9  mj_L_uNb;  $$@A 	   $# 	   + #	  "  " !"	 $ "  #!"	$# '  
WYqLb^c_uFNb; Gooz[
 |Fy  ·*uµTmjcbdNGbJmF_ut *9  mj_L_LNGbG  $$ A	   $ 	  # +	  "  "  ! 	$"  #!"	$# ' / ¤W[qLbdc_LoNb;uzjFBz[






hoM9qu`[\^mj\dchF_uZG   %$   " ! $# 	
 $  	   " 	   §{j=H  7Y{  2   =Go87L
 |87  5  rªµRcoIumjM"-}*_ mjFhFb^c\dILMOcfl(c_B\^bdh[t[`ul
\dchF_7\dh_Y`LMONGbdcflmF.ZdcM`Lfm\dchF_7hj¤Zs\dh[l,IumFZs\dcfltLc´â©
¦Nb^N_B\dcfmj§N;eB`um\^cho_uZ   
    " A	 " @ 2     HÈ|Fzo| L| 2 yuBzFF=o
 |F  5xµ*`nmF_ut"H- £NGcKYb^NF¤PRN N_B\^bdhoqBXNGZs\dcMOmj\dN;ZJ¦hFb\^ILN9¸Tft[b^hXYt[© ¹MOh[t[NDrmF_ut"b^Nfm\dN;t
MOhYtLNfZ£zjoB{[R}mFcfmjLNmj\ 
	   	    
	   L[Zd`LLMOc´\d\dN;tk\dh
¨hFMOM`u_£LSnm\^I£rW[lc=
 yo  S+ }[µ*`LfZdN_£[p(Yumj\s\^mF=[mF_utp(  -`Lq[¦NGbdMmF_£.hhFYcZ^l
hYNfmFZs\dcflJu`uctLZqumoZ]\Jml
XYc_rt[Nb
m\*ILcFIkNcfZ^ZsNG_BxNb^9_B`uMxNbHZs\^mjucc;GNGt"ZdcM`Lmj\dchF_uZ*`uZsc_LMm\^bdchFBmjb^c´\^ILMZ  $  
  $
$1 %$   "  ! $	  $  	   " 	   	 	'#Ïzo{  H zB{   LYzjoo|[
 y1  S+ }FµR`LZdN_F} g¢ *9jmF_9µRNNDomF_ut9¹T µ } }FÏmF_9tLN_O¹b^`LNFuWYcM`umj\dchF_9hjrYcfZdlhYNfmFZs\dcfl
uh*Z`uZdc_LO¹bdh_ucmF_l
ho_[uo`Lb^mj\dchF_rNftLZ   $   " ! $# 	#  $  	   " 	   ª{j=HÛ{  G1F
GoB{Y
 yBz  g¢ÏµRaLb,mj`rtmj_ut NGeB`LNG`[§BSkh[t[N© lhF`Lquc_L\^ILNhobdX¦hFb\dIuNqumoZ]\]X-b^ILNhohoFXThjrZdhjâ\¢FfmFZ^ZsX
Mm\dNGbdcfmjfZG  + '    " A   " !"!  17=>H zF  2 [zF  {Y)Go87u




b^hnZdcM`Lmj\dchF_uZhj*qxhFXYM9NGbdcflOu`uctLZG   $   " ! $# 	#  $  	   " 	    ;zoz)H =  GoyL
zjo 2 
 y 2  ¹  ohF`Lb,tLmjc_£B¨T £N*¹b^cZGomF_utH-£NGcKYb^NFª}*_NGNGM9NG_B\^mjb^XmFbdo`LMON_B\@bdNGomFb^t[c_L\dIuN*ho_Lj©
\dcMONTxNIumÏYchF`Lb¤hj§\dIuNZdhF`[\dchF_\dhmZ]\^hYl,IrmFZs\dcflRt[cºxNGbdNG_B\dcfmjuN;eB`um\^cho_£ 
   $(' $ 1   &	$'A
	 	 A " #'
	 !-+ !  "% ! 	 	 ' #    $ 0/  ! " $ 	 	 "  	#" '%" 
	 " '  z)H< [LLzjoo|[
 yB|  ¹  Fho`Lb,tLmjc_£r¨T N¹b^cfZLH- NcKGYbdNoLmj_ut"x¸R\s\^hu hF_LF©=\^cMON(mFZdXYMOq[\dhF\dcflZJhj@mOM`u´\^c´©
ZdlGmjNMOh[t[NG¦hob-qrhoXYMONb^clu`Lcft7uh*Z 
 	  	 A " 1 $  ! 	$  $  " 	  # 	 	' #  
  $ + '
	 '
/71    H B{ % 2 7LozFFoyL
 2   "
	 '   "$	A "
 yoy  ¹  ohF`Lb,tLmjc_mj_rt(H- NcKGBb^NFoSnm\^ILNMm\^clGmjBmj_umFX[ZdcZ§hFLmRZs\dh[l,IumFZs\dcfl@t[cºxNGbdNG_B\dcfmjBNGeB`um\^cho_
mjb^cZdc_Lc_0\dIuNM9cfl
b^hj© MmFlbdhM9h[t[NGc_LkhjJqrhoXYMONb^cfl9u`LcftLZB3³_ 3 S+ 5mÏYcN;Z.P  BmFlhF£
}jHbd`uMOmF_£o¸µRmoZdZ^mj_£  OSkhobdBmj_£mF_utP g¢  NGmj\dILNGbdcDNGtLc´\^hFb,Z  &$  	&$ 	 '
!"	 	  " !  $'
	   $  	 '  &$ 	#"#"#	   ' $ 1 !  "   # '%"     $&' $ /x[qumFFNGZ4zFo| [zFz    hFb^tW[lcNG_B\dcrlj
zjo  
 yY{  ¹  ohF`Lb,tLmjc_£xH- £NGcKYb^NFxmj_ut ¨T £N¹b^cZG*P*`uM9NGbdcflmFmF_umjX[ZscfZhj@MOcfl
b^hj© MOmol
b^hZscM`Lfm©
\dchF_uZ-hFqxhFXYM9NGbdcflu`Lcftnrh*Z H-m"ZscMOqLNlGmFZdNF #!   $ "$(' #  " !  $' 	  
 / / $ 	 "#
 	 	 "  	#" ' Ïz À H<;zFo|  ;z 2  FzFFBz[
 y>7  ¹ ohF`Lb,tLmFc_£H- £NGcKYb^NFmj_ut9¨T N¹b^cZGF·@[cfZ]\^N_ulN¤hFrZsho`L\dchF_-¦hFb¢m*MOcfl
b^hj© MmFl
b^hMOh[t[N
hjqxhFXBMONGbdcflOu`LcftFH\dILN.·¤P*· M9h[t[NG=  $ 
 $ $1    	 !"	$#  $ 
   $ + '
	 '¤zjF1H;yoz %G  
zjo 2 
 yo  3  (mFb^mj\:;GmoZªmj_ut(Wª ·*;W[ILbdNGFNo#  $  	! $! 	$   ' ! $ 	   '
!"	 	 	  $ 	$  ',BWYqLb^c_LoNbd©  @NGbdfmjr
G>787L
 {j  p(  -NG`L_Lc_LoZG    '!"  ! $(' $1   $ 0/  ! "  $ "$ 	   1 $  $ $ + "   &$ 	#"' '
	  j¢l,IumjqL\dNb
WYcM`Lfm\^cho_hF.YcfZdlhBNGmoZ]\^clRu`Lcftuh([qumFFNGZ 2 oz  2 {jLµTmj_uZdNb;FG>7Fu
 {)  p(  -N`L_uc_LBZ0} Zs`Lb^FNGX hFTl
hoMOqL`[\^mj\dchF_umFb^ILNGhFhFFXo 3³_ 5 S+@¹c_utLc_L N
\mjD@NGt[c\dhobG
  $ 	  #!    !    $# '  $    " $$ $.+uqumFFNGZ*{ % 2 [¹b^c\dcfZsIkWYh[l
cN
\]XhF¢p*ILNhohoFXFLzFFFu




3³_ 5 S+¹c_ut[c_LnmF_ut  O  mj\dNGb^ZG£N;t[c´\^hFb,Z
   " $$ $.+   " A 	 " '   Lx¹bdc\dcfZsIkWYh[l
cN
\]Xhj¢pILNhohoFXo[zFF 2 
 {  g¢ ·*  -hYNGtLN_mF_ut·*[g4fm\dNG_£  !" 
	 	  $  $$  !"	$#$1 ! $ 	   '
!"	 	 (	  "  " !"	 $ %  #!"	$# '
Fho`LMONz  hj 
 / / $ 	 	 #!"	$# '%$1  #!  " ! 	 	',WYqLb^c_LoNb;FGooz[
 { 2    RhF_ .c_Lc\dN NNMONG_o\"mj_umFX[ZdcZhjqLfmj_rmjb 2 H l
hF_B\^b^mol\dchF_rh c\dI\dILN7\dNG_uZshobs©
hoomFbdc\dILMOcfl¦hFb^M`Lfm\^cho_"hj4t[cºxNGbdNG_o\^cmFlhF_uZs\dc\d`[\^coNNGeB`umj\dchF_uZG   $ "   
  '
!  $	    " $ $ 
$&.+  $ 
 $Û ;y  2  H</7   G=oozjo 2 
 {F|  S+ mFZdhOmF_utµÛ¨T  R\s\^c_LoNb;¨mjfl
`Lfm\^cho_hF.YcfZdlhYNfmFZs\dcflRrh`uZdc_u9MOhoN;l
`LfmjbMOh[t[NfZ H
HJILN¨¸PRPT¢·WLW 3]H mjqLqLb^homol,I£   %$   " ! $# 	  $  	   " 	    2 { H< [zFL%Go  





     %    2  H 7B{o{ )7FozL1;FB{[
 {o{  ¨T N¹b^cZG$ + '
! !" '  $ ! 	  	  "$&$ " '   $  %$ 	 ' ! 	$ " ! '
	& $ ! 	$uªohF`LMON 2 {9hF !   
 #!"	 % "' " ! 
 /./ $ 	 	 ! 	$ 'JWYqLb^c_LoNb;LzjFB|[3³_kLb^N_ul,I£




   $ 	 	 ! " ! 	 	  /    "   /./ $	 	&#! j
/7  H B{    LozFF 2 
¿¦É.½£¿âæ
  	   B|
 {j  ¨T £N¹b^cfZ(mj_ut0g¢ 4 cho_uZG·@[cfZ]\^N_ulNmj_ut0`L_uceB`LNG_LNGZ^Z(hjZdhF`[\dchF_uZ(\dhn.hF¶Y¶FNGbs© g4fmj_ul,¶
\]XYqrN(N;eo`rm\dchF_rZc\dI"cbdb^No`Lfmjbl
hYN?lcNG_o\,Z   $   
!  (	   %   xzjoB{[.HhmjqLqxNGmFbG
 7o  }£N¦NYYbdNmj_ut¹TSnmF`Lb^XFo}RqLqumFbdNG_o\.YcZ^l
hBZsc\]XThFrm*MOcY\d`Lb^NhFum*_LNGJ\dho_LcmF_u`uctmj_ut(c_[©
\dNGb^mol\dc_L9qumjbd\dcfl
NGZG   $ 0/ ! "'$  "   ' 
 	   %%	 " "' ' 	 	 "  	#" '    	&# 	 % "
 88  Ïz' H oz  
 > Lzjoo|[
 71  H- £NGcKYb^NFr¸Tq[\^cMmjYNGbdb^hFb.NGZs\dcMm\dN¦hob¢\dILNR¨¸PRPT¢·WLW 3]H mjqLqLb^homol,Ic_9m-ZdcMOqLNlmFZdNF
  $ /  ! " #'   $  	 ', 8 H 71;| )7ozFLozFF 2 
 7Bz  H- £NGcKYb^NF   $  $ %!" '  !  % ! 	  "' " !    
	 % " ' / $ ' ' / #
$  '
	& $ ! 	$    	 $ $ "!"  !  "   	 "' / $$ + 
	  "' g4IE5 \^ILN
©
ZscfZG ·l
hFN PRmj\dchF_umFN tLNGZ g¢hF_B\,Z N
\ ¨Irmj`uZ^ZsaGNGZG zFF 2  }mFcfmjLN m\
  	 	  	    	  
  	   u'3³_kubdNG_ul,I£
 7  H-£cDjµ  xIumF_LujmF_ut(g¢    ªIumj_Lr h[lmjBN
[cfZ]\^N_ulN¤¦hob\^ILNJt[`LMurNG[MOh[t[NYhFuqrhoXYMONb^cfl
u`LcftLZG   $    #
!  (	   %   xzF D|Ï©³y  H F  [oz  Fzjo 2 
 7 2  H- cmF_utkg¢    xIrmj_LrT¨hF_YFNGbdoN_ulN-mF_umjX[ZscfZhF¤¹¨ MON
\^ILh[t"¦hFbµ*hYhF¶oNGmF_"tL`LMLxN
MOhYtLN£c\dIu_Lc\dNtLc´ºªNb^N_ulN(Zdl,ILNGMONF   
    xr|  H zFo| Lz  2 BzFFoyL
 7B|  H- £c£mF_utg¢    xIumF_Lu¢Snm\^ILNMmj\dcflmj§mF_umjX[ZscfZ¤hFM`L´\^c´©³Z^lmjNM9h[t[NGZhF.l
hoMOqLNu`Lcft§
  $   #!    	 	  r|  H [|)oYzFFY{Y
 7oy  c_£¨T£c`£@mj_rt+g¢    xIumF_Lu ¸T_ IBX[t[b^h[t[XY_umjMOcflZ(hF*YcZ^l
hYNfmFZs\dcfl9u`LcftLZG   $  
   " 
 /./ $  !   ª| 7 8  H< 2  {   2 { FFzFFB|[
 7Y{   c_¨T c`mj_utng.    xIrmj_Lr¸T_ mMOcfl
b^hj© MOmol
b^hMOh[t[N.¦hFbqxhFXBMONGbdcflr`LctuZT_uNGmjb
NGeB`LccLb^c`uM   $       " 
 / / $  #!   ryFÀy H 7  7  7oyFyLBzjFY{Y
 7>7  g¢ ¤ cho_uZmj_ut PS7mFZdM9ho`ut[cD *hFrmjTZdhF`[\^cho_uZ¦hobZdhFMON ¸Tft[b^hX[tM9h[t[NGZhj_uhF_[©
_LNJ\^hF_Lcfmj_uh*ZG    	  
   !     "   rz= Dz' H<     2 yuozjoFu




MOhYtLNfZ      !   
 	    	 	    2 |  HÏ| [zFLozFFY{Y
 o  }ÈWª hYtLFNF % $  '
!"	 	  	  	 ',}lmFtLNMOclg4b^NGZ^ZGFGFy 2 
 1  } h8;c_uZd¶Yc= ./ " 	 !"  $ !" !  $  ' 1 $ #	  " ! 	 	 !  "&$# +  $ "$ ' $1 A 	 ' 	 $"%$ ' ! 	 	   	  '
g4I15 \^ILNGZdcfZ ·¤l
hoN g¢hFXB\dN;l,IL_Lcfeo`uN .aGtLab,mjN t[N mj`uZ^mj_L_uNF«zjF   }mjcmFLN m\
    
     	  
	r
 Bz  }£h>;c_uZs¶Yc¤mF_ut ¨T@¨Iumj`LYcKb^NFn} ÀmoZ]\OZshooNb(¦hobuhF¶Y¶FNGbs© g4fmj_ul,¶nN;eB`um\^cho_¡mjqLqLcNGt \dh
YcZ^l
hYNfmFZs\dcflRuh*ZlmFl`Lmj\dchF_uZG     $ 0/   + '  /7o =z  H yFY{ YyBzF|LFzjF  
   4ªSnmFl,IucNGZG 9ªS7mFtLmÏXormj_rtn} H-rg@mj\dNb,mL-¸T`[\dqL`L\TxhF`L_utuZ*¦hobRb^NGt[`ulNGtY© hFb,t[NGbRmjqLqubdhÏ[c©
Mm\dchF_rZhFuNcq[\^clqumFbs\^cmFBtLc´ºªNb^N_B\dcfmjYN;eo`rm\dchF_rZ   $ /  !   " !  $  ' 
 / / $   " 	   %  #-  
Go =zFy©]zo{' H  2     2 zFy[Fzjo=F
oy   "
	 '   "$	A "
  2  Snmjb^cNG`£   $ 	 !  '"  $  $$ " A$ $&
	 !   	  "'$/ $ "' /  $ %$ % "'    A$$  ! 	$  $
$ 	   #	  " '4g¤I15 \dIuNGZdcZGuQ*_ucoNb,Zsc\da-g@mj`LWLmjumj\dcNb;uzjF1F
 B|   u S+ÏSnmjb,l,IumFFmj_ut(S¡  r¨b^h[l,ILN
\;F}¡_uN+MOc´[N;tu_Lc\dNNNMON_B\£¦hoblmFl`Lfm\dc_L*YcfZdlhYNfmFZs\dcfl
uh*ZG   $#   "  ! $	  $  	   " 	   §zjy1HÈ{o{  8 2 =G>7B{[
 oy  P0SnmFZdMOhF`utLc=  N qrhBZsN;t[_LNGZ^Z«¦hobv\^ILN .·¤PR· t[`uMLxNM9h[t[NG hF qrhoXYMONb^cfl
uh*ZG HN;l,IL_LcflmF b^NqxhFbd\GPRN 4hFb^¶ Q*_LcFNGb^Zdc´\]Xo zjoB{[ g¤bdNGqLbdc_B\ mÏmjcfmjLN m\
  			 	 	 	  	   	           
  [




hYNGmoZ]\^clTu`Lcftuh*ZG   $#   "  ! $	  $  	   " 	   #Go=HÈzo{  2 {[Bzjo=o
 >7   u H-.¸t[NG_+mj_ut+Wªg4bd`rt[ILhFMOMONF·¤Zs\dcMOmj\dchF_0hjMOh[t[Nc_LkNb^bdhob-c_¡lhFMOqL`[\,m\dchF_rmj@MON
©
l,Iumj_uclGZ     $ 0/  !    + '   7oz=H 2 Fy L|)Ï|[ozFFozL
 o   u H-r¸t[NG_"mF_ut  O Wª  @NGMmjomF_B\dcD.·Z]\^cMm\^cho_"hjh[lmF§M9h[t[NGc_LNGbdb^hFbJmj_utohomj© hFb^cNG_o\^NGt
mFtLmFq[\dcFNM9h[t[NGc_LnhF*ILN
\^Nb^hFoN_LNGhF`uZ(Mmj\dNb^cfmjfZ£cD.Nb^bdhobNGZs\dcMm\dN;ZmF_ut¡mFtumjq[\^coNmjFhF©
bdc\dIuMOZG     $ 0/  !    + '   ;y 2 H zoz  2 {YYzjFoL
 Go  ¹-¸T¶[ZsNG_utLmF= ! $ 	   '
!"	 	 #	  "  " !"	 $ "  #!"	$# ' 
  	  !  $  	 ! 	$  	 !  / / $ 	 	 ! 	$ '
WYqLb^c_uFNb;Lzjo  
 G1  µÛ¨T  R\s\^c_uFNb; ! $ 	  '
!"	 	   $ 	#" '#'%" ' 	   $$ +!" 
	 	  $  	  '¤WYqLb^c_uFNb;FGoo|L




$#   " ! $ 	#  $  	   " 	   # 2 1H |B{ u{LYzjoFyL
 G  p( *9¸TNG_uZmj_rt H- P¤g4ILccqrZ   $ 0/  ! #!"	$# $  " $$ $.+ 3³MOqrNGbdcfmjT¨hoNoN"g4bdN;ZdZ  
 hobdft"W[l
cN_B\dcrlFrzjooz[
 G 2  }g.N\dNGbdc_"µRX[t[bdh[t[XY_umFMOclGZ(hjMmFlbdhoM9hoN;l
`LNGZ-c_¡mkoNhYlc´\]X7uNft0c\dI+hF_Loc´\^`ut[c_umj
Fb,mFt[cN_B\;    $ $ +   	 	   2 HÈz 7B{ [zF=FEGoyFyL
 GB|  P§g4Irmj_[©³HJILcN_0mj_ut p( 3£HmF_L_LNb;} _LNG l
ho_uZs\dc\d`[\^coN9N;eB`um\^cho_ t[NGbdcFN;tk¦b^hFM _LN\]hobd¶
\dILNGhFb^XF   $#   " ! $ 	#  $  	   " 	   ªz)H  |    yo|[EGY{F{Y
 Goy  }  T`umFbs\^Nb^hF_Lc[mF_ut ¤FLhobdMmjoFcfmL !  "% #!"	 	 $  $ "%$&$ 	      !" 
	 	  $'
	& $ #!"	$# $ 1
!  " 	&# 	$ A ' 	$ # ' + '
! "  rohF`LMON ;z9hF	%  $ $ $1  !" 
	 	 $ 
   $ + '
	 ',ªl,IumFq[\dNGb.F
qumjoNGZ   ;zB{Y.·4ZdNYcNb;uzjo 2 *9x¨cfmjb^N\·t§rPu}¢Xomol,ILNTo`LNGZs\*·¤t§




c_u7fmjb^FNNGmoZ]\^hFqLfmFZs\dcflt[N¦hFb^Mm\dchF_   ! " 
 ! 	$  $  $  
  $ $ 1  $$ 	 '   !   	 !  "'
2  2 H B|) Y87oLozFF  
 G>7  WªªpNN;ZsNo*}«MOclbdhoM9N;l,Iumj_uclGmjXM9hF\dcm\dN;t"Mm\dNGbdcfmjMOhYtLN£¦hob*\^ILN\^ILNb^MOhj© BcfZ^l
hYNfmFZs\dcfl
Mm\dNGbdcfmjrNGIumÏYcho`Lb¡hjkb^`LLxNbd©Dc¶FNqrhoXYMONb,ZG   ! " 
 ! 	$  $  $ 
 $ $1  $  '
! 	 	 	 !,+
GD{#H oF Y 2 LozFF  
¿¦É.½£¿âæ
  	   Y{





    !   
   $  uz)Ày H<  yo    7B|[
GoFL
 8;  S+op*N_umFb^t[Xo§}*_N
[cfZ]\^N_ulN\dIuNhFb^NM ¦hFbM9h[t[NGuN;eo`rm\dchF_rZ@bdN;Zs`u´\^c_L¦bdhoM ¶Yc_LN
\^clJ\^ILNhobdcNGZ
hj.qrhoXYMONb*ZdhF`[\dchF_rZ   
    !  
  $  rzoz)H      zo{[=Go=F
 8>  S+upNG_umjb,t[Xo #!  " ! 	 	 $ #  $ + '
	 '%$1 A	 ' 	&$ "%$  '
! 	 	  $ ',¤W)3]}RS+ªzjFoL
 8Ïz  5pNGY`=;mF_utS+ 4hFb;   $# ! 	   $  '  #
!"	    $ "'#    $  	 $! 	$rLWYqLb^c_LoNbd©  @NGbdfmjr
Go 2 
 8  4Û¨T *9[phoFNGb^Zmj_ut 5  ccfmjMZG (	   '
	$ '  & $'A   $ 	#" '#'%" '  #  
! 	  $ " ' $ $ 
 "   $   ! 	$ ',¨mFMLb^cft[FN(Q*_ucoNb,Zsc\]Xg4b^NGZ^ZuzFFFu
 8 2  4Û¨T *9[phoFNGb^Zmj_ut 5  ccfmjMZG (	   '
	$ '  & $'A   $ 	#" '#'%" '  #  
! 	  $ " ' $ $ 
 "    !   	  $ 	$  ',¨mFMLb^cft[FN-Q*_LcFNGb^Zdc\]Xg4b^NGZ^ZuzFFFu
 8Ï|  5LW[mF_ut[b^c=.P*ho_c_o\^Nob^mFLNRN
Y\db,mZs\db^NGZ^Z4\^N_uZdhFbJZdhF`[\dchF_¦hobm(uh c_mrho`L_ut[N;tt[hoMmjc_
hj¢mj_7¸TtLbdhX[tr`Lct£ 
 	 !   " 	   #  |  ©³z  H o| [Fu=GoFL
 8;y  5jWB\^bdhYh[l,¶-mj_ut9Wª p Wª  4mFb^mot[Iumj_  $ !"	 #	& "  '
	$# $ 	   '
	$/  $ 	#" '#'%" 'LWYqLb^c_LFNGbG GY{u





      " A   $  	   " 	     2 H 2 Ï{  282>2 ozFFozL
 87  } g¢ *9  4mj_µRNND 	& $ ! 	$ $1 A 	 ' 	 $ "$ '
!"	 	  	 '  1  $  	 	 &$ ' 	 $/ 	 	  $ "%$(' ! $   	  $ 
' 	&$ / 	 	 	 $ / $ "  $  '@g4I15v\dILN;ZscfZE5RNG´â\RQR_LcoNb,Zsc\]XhF.HNGl,IL_LhohoFXo[zFFoL
 8;  H-LFho_"g.N\dNGb^Z^t[hFbdº7mj_rtk¨TxW[l,IYmF£¤P*`uM9NGbdcflmFZdhF`[\dchF_hj¢qumjb,mjxhFcflTN;eB`um\^cho_uZc_IucoI
t[cM9NG_uZdcho_uZ  
  !    $ "%$   !"  
   $    7    H   %;zB{YYzjF 2 




hYNGmoZ]\^cluh*Z   %$   " ! $# 	  $  	   " 	   .=>H zB{  LzjB|[
zjoFL
 ;z=  µ  xIumj_uOmF_utg¢    xIumj_uu¤} \^ILNhobdN\dcflmF£mj_ut_Y`LMONb^clGmj£Zs\d`utLX¦hobJ\dILNb^h[tY© c¶FN-MOh[t[N
hj¢mOqrhoXYMONb^clTu`uct§  $  
 $$ 1   $ /  ! ! 	$ $ #!  " ! 	 	 'ªzFz Dz'H  G  8 LBzFF 2 
 ;zoz  µ  xIumF_LTmF_ut(g¢    xIrmj_Lr £h[lGmjFN[cZs\dNG_ul
N¤¦hFb\dILN·P*·@©³t[`LMLrNG[MOh[t[NGohFuqrhoXYMONb^cfl
u`LcftLZG 
 	  	 A " 1 $   ! 	$ $  " 	  	 	 '%#  
   $ + '
	 ',xz)H  {   2 FLYzjoFyL
 ;z  4  xIumF_Luªµ  ªIumj_LrxmF_utng¢    xIumF_Lu *houmj.NGmj¶kZdhF`[\dchF_rZ*¦hobµRhBho¶FN;mj_[©³t[`LMLrNG
MOhYtLN£hF.t[c`L\dN(qxhFXBMONGb^ZG¢g4bdNGqLb^c_B\GxzjFY{Y
>7   "







lhBZs`ubdN-mjqLqubdhÏ[cMOmj\dchF_£ 2  Ly=
lhFMOqLN
rh(=7







































































































Unité de recherche INRIA Rocquencourt
Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
